Abstract: Statistics on production and trade of forest products form a basis for the analyses of the economic and environmental performance of the forest sector and for projecting future developments in the sector and related markets. The forest product statistics FAOSTAT by Food and Agriculture Organization of the United Nations (FAO) are perhaps the most widely used data source for such analyses. This study aimed at systematically scrutinizing this important dataset and identifying regions and product categories where improved data on wood and forest industry production and trade would be needed in order to set the modeling and analyses employing these data on a more solid basis. The consistency of the data on production, imports, and export volumes of wood was examined with some simple tests and with the aid of linear programming. The results show that the data related to the supply of wood chips and particles are unreliable in many countries. Improving these data would be important in order to assess the cascading wood input-output flows, to evaluate resource potentials, and to specify more reliable coefficients for wood use in forest sector models. Moreover, the data show remarkable inconsistencies, even of the magnitude of millions of cubic meters, between the apparent supply of wood (harvests + net imports) and forest industry production in many regions. Errors and uncertainties of such magnitude have important consequences on the results of any analysis using the data and call for special attention by the data users.
Introduction
The forest product statistics FAOSTAT of Food and Agriculture Organization of the United Nations (FAO) on the production and trade of wood and wood products [1] provide an important and valuable basis for the economic and environmental analyses and projections of the developments in the forest sector. Consequently, these statistics are employed for various sectoral analyses using partial economic equilibrium models, such as the global forest product model (GFPM [2] ), the global forest sector model EFI-GTM (e.g., [3] ), the global biosphere management model (GLOBIOM [4] ), and many others. Typically, the FAOSTAT data are used for defining wood harvest volumes and apparent consumption levels for the forest industry products for the first period modeled (base year) in such models. Depending on the model, the FAOSTAT data may also be employed, for instance, to define inertia constraints for the trade in forest products, to define the base year production capacities for the forest industry, and to calibrate the wood-input coefficients and production costs for the forest industry. Furthermore, many other prognoses and analyses ( [5, 6] ) concerning consumption and the markets for forest products are based on these data. Among the various other research purposes, the data have been used to support studies on carbon dynamics in wood products [7] , the water footprint of forest products [8] , the forest footprint of the European Union [9] , and the role of trade in deforestation [10] , to name but a few examples of the recent studies. The FAOSTAT data could also be useful for the Intergovernmental Panel on Climate Change (IPCC) for tracking the production, trade, and apparent consumption of harvested wood products and roundwood [11] and for the development of climate change mitigation policies (e.g., [11, 12] ).
The reliability of these data is thus of crucial importance. This study aims at systematically scrutinizing them and identifying the most important product groups and geographical areas where improvements would be required to set the modeling, analyses, and forecasting of the forest sector on more solid ground. The data on production, imports, and export quantities are explored first with some simple tests and then with the aid of linear programming (LP). In the latter case, it is tested if it is possible to find reasonable wood input coefficients for various industrial products so that the volume of wood biomass available according to the statistics has been adequate to supply the raw material needs for the reported production quantities in the forest industries. The tests identify considerable inconsistencies in the data for several countries.
Material and Methods

Data
Data on Production and Trade
The main data source and also the subject for our analysis was the FAOSTAT forestry database. In addition, the United Nations Economic Commission for Europe (UNECE)-FAO production statistics [13] were used to gain information on the division of plywood production to softwood and hardwood grades in the countries within the domain of those statistics. The data in FAO pulp and paper production capacity surveys from the year 2000 onwards [14] were used as an aid to divide sulfate pulp production to softwood and hardwood grades, though these data do not seem to cover all countries. For pulp production, data from RISI [15] were also available, but because this dataset is not available for free, its use was limited here to inform if a country only produced hardwood or softwood sulfate pulp. Table 1 presents the products considered and the sources for the data on production and trade that were already available or estimated within this study using linear programming.
In the FAOSTAT data, the category "wood chips and particles" includes wood reduced to small pieces, which issuitable for pulping, particle board or fiberboard production, and wood for use as a fuel or other purposes. It excludes wood chips made directly in the forest from roundwood. The category "wood residues" includes wood processing co-products other than those belonging to wood chips and particles, such as sawmill rejects, slabs, edgings and trimmings, veneer log cores, veneer rejects, sawdust, residues from carpentry and joinery production, and wood residues that will be used for production of pellets and other agglomerated products. Table 1 . Annual production and trade data used. D = Data given in FAO forest product statistics (FAOSTAT [1]), U = data given in UNECE/FAO [13] for Europe and North America, e = data estimated based on the other data using linear programming. C = coniferous, NC = non-coniferous, Sa = sulfate, Si = sulfite, Bl = bleached, Unbl = unbleached. UNECE/FAO, the United Nations Economic Commission for Europe-The Food and Agriculture Organization of the United Nations. Here, the term conversion factor refers to an input quantity of roundwood, wood residues, or chips and particles in solid cubic meters (m 3 ) under bark needed to produce one cubic meter of mechanical forest industry product or 1 tonne of pulp. The assumptions made regarding the possible uses of different wood categories within the forest industry are given in Table 2 .
Product
The main references for the conversion factors were the UNECE and the European Forest Sector Outlook Study 2005 [16] [17] [18] . Table 2 summarizes the conversion factors, while any available country specific conversion factors used are provided in the Supplementary Materials (Supplementary File S1: Data for reference input coefficients (excel-file)). test when country-specific reference quantities were not available. Min and Max in the parentheses are additional broader minimum and maximum input quantities applied for all regions, respectively. Slogs = sawlogs and veneer logs, Pwd = pulpwood, Res = wood residues, Chips = chips and particles, C = coniferous, and NC = non-coniferous. Sources: a = The smallest value given in UNECE [18] (after Spain and Portugal with 1.2 m 3 /m 3 for veneer sheets removed from the sample); b = Average of all values in [18] ; and c = the highest value in [18] . If data were not available from [18] for (a), (b), or (c), data from [16] were used.
Forest Industry Product
Ref First, the regional data on the production and trade of industrial roundwood, wood residues, chips, and particles were examined with three relatively simple tests i-iii, described below under the questions (i)-(iii), respectively.
(i) Is the reported wood production at least as high as the reported net export (exports − imports)? If not, the region's apparent wood consumption is negative, which signals errors in the underlying data.
The data allowed this first infeasibility check to be made for four wood categories: industrial coniferous roundwood, industrial non-coniferous roundwood, chips and particles, and wood residues.
(ii) Is the reported production of chips, particles, and wood residues (too) high compared to the production of solid wood products?
This test identifies countries where the produced number of woody by-products is considerably higher than the produced amount of the solid wood products. The test was carried out for the category of "wood chips and particles" alone and then for the total amount of by-products labeled "wood chips and particles" and "wood residues".
If the number of by-products is much higher than the production of the principal products, there is probably something wrong in the data, despite the fact that part of the residues comes from further processing of sawnwood, veneer, and plywood to finished products, carpentry, and so on.
Typically, chips and particles are obtained as a side product of sawnwood and plywood production, and they form only part of the material obtained as by-products. Also, other types of residues, for instance sawdust, are coming out. Moreover, part of the log input in sawnwood and plywood production vanishes due to shrinking. The log input coefficient under bark in the production of solid wood products is seldom above 2 (Table 2 ), in particular, when it comes to sawnwood that is more commonly produced than plywood and veneer. For these reasons, it is reasonable to expect that production of chips and particles should not exceed that of solid wood products. If the output of "chips and particles" and solid wood products were equal, it would indicate that little other material would come out from the process.
(iii) Are the apparent levels of wood use high enough for the reported production of forest industry products?
This test was done for all sawlogs and veneer logs (coniferous + non-coniferous), for pulpwood and pulpwood substitutes (coniferous pulpwood + non-coniferous pulpwood + chips and particles), and for all wood. If the assumed required minimum consumption of wood inputs exceeds the amount of their maximum availability under the rather loose requirements discussed below, it is likely that there is something wrong with the data.
• Case of sawlogs and veneer logs used for sawnwood, plywood, and veneer
In this test, the assumed minimum quantity of logs needed in sawnwood, veneer, and plywood production in a country was compared to the maximum potential volume of sawlogs and veneer logs available based on the statistics on wood harvest and trade. The test setting was cautious for the following reasons. Firstly, it was assumed that 1.5 m 3 of logs under bark are sufficient to produce one unit of sawnwood, veneer, or plywood. This coefficient can be considered somewhat low (see Table 2 ). Secondly, the maximum available amount of sawlogs and veneer logs in a region was defined to include sawlog and veneer logs harvests and all industrial roundwood imports to the country, despite the fact that part of the imports can be pulpwood or roundwood for other industrial uses. Thirdly, all the exports of industrial roundwood were assumed to consist of the wood grades other than sawlogs and veneer logs.
• Case of wood material used for pulp This test asked if there may have been enough pulpwood, chips, and particles to sustain the reported wood pulp production in a country. Again, the test was rather robust in the sense that the requirements for the data passing the test were set low. It was assumed that all pulpwood, chips, and particles potentially available in a region may have been used for pulp production, although these raw materials are also used for particle board, Medium-density fibreboard (MDF), and other panel products. Furthermore, all industrial roundwood imports were now assumed to be pulpwood, while all roundwood exports were assumed to be other wood grades. It was modestly assumed that chemical pulp requires only 3 m 3 , dissolving pulp 4 m 3 and mechanical and semi-chemical pulp 2 m 3 of wood fiber per tonne of pulp output.
• Case of all wood materials used for all products This test added panels (particle board, Oriented strand board (OSB), MDF, etc.) to the previous set of products and asked whether the production of this new set of products could have been produced by the wood material reported to be available. a very modest (see Table 2 ) wood use coefficient was applied to these panels: 1 m 3 /m 3 . For the other products, the minimum input coefficients described above were used. "Wood residues" were included to the available wood together with sawlogs, pulpwood, chips, and particles. The amount of wood available per country was defined to include net imports (imports − exports) and own harvests or production of these wood grades. The test compared only the total wood material reported to be available in a region to the conservatively defined aggregated demand for wood materials in the reported forest industry productions. It imposed no allocation rules based on the suitability of alternative wood grades (Table 2 ) to different products.
Test Using Linear Programming
An LP formulation was used to improve the consistency and precision of test iii for all wood grades and products and also to identify the cases where the regional wood supply seems too high compared to the respective forest industry production. Because the exact mathematical formulation of the LP problem is space demanding, only its main principles are described here, while a complete description, including all the constraints, is provided in the Supplementary File S2: Description of the LP model (word.doc).
The main principle of the LP program is that it aims to find input coefficients for the industrial products in Table 1 that are as close as possible to the reference values given in Table 2 (or the more country-specific figures) and which, when applied to the reported forest industry production data, match the consumption of various wood grades to their apparent availability (production + imports − exports) as well as possible. The objective function minimizes the sum of the various penalty variables that allow the data to be inconsistent with the rules defined.
Three levels of penalty variables for the wood input coefficients not complying with their reference values were defined: (1) a somewhat low penalty of deviation from the point estimate reference value; (2) a higher penalty for input coefficients not being within an assumed range around the reference value; and (3) the highest penalty for not even fitting in between the absolute minimum and maximum values defined for the coefficients. The default input coefficient values are given in Table 2 but were refined as shown in the Supplementary Materials when there was additional country-specific information available. When looking for the input coefficients, constraints (subject to penalty variables if violated) that aim to minimize year-to-year fluctuations of the input coefficients were also defined so that the technologies were assumed to be material saving. a regional input coefficient for a product in a given year that was higher than that in the previous year was penalized if there was production in both years.
Roundwood harvests were constrained to equal the harvests reported in the statistics subject to penalty variables. The calculated value for the penalty variable in a region indicated the suggested deviation from roundwood harvests from the statistics.
The program also divided the traded quantities of roundwood given in the statistics between pulpwood, sawlogs, and other industrial wood. It also divided the production of sulfate pulp, plywood and veneer, and chips and particles into coniferous and non-coniferous grades. These divisions were done so that the data become as consistent as possible with the wood use in the forest industry.
Before doing the LP test, the data showing negative apparent consumption figures for wood in test i described in Section 2.2.1 were modified as follows:
•
The production volumes of wood residues and chips were increased to match with the exports.
•
The production volumes of other coniferous or other non-coniferous industrial roundwood were increased if the apparent consumption of coniferous or non-coniferous roundwood was negative, respectively. Such typically small adjustments were rarely needed.
Similarly, noting the inconsistencies raised by test ii, the following modifications for the data on by-product outputs were made before the LP test in order to improve their consistency with the production of the solid wood products (sawnwood, plywood, and veneer).
The production volumes for chips and particles were decreased to be at most 80% of the production of solid wood products.
The production of wood residues was reduced, if necessary, so that the resulting logs input calculated as "(sawnwood production + plywood and veneer production + chips and particles production + wood residues production)/(sawnwood production + plywood and veneer production)" is at most 2.8 m 3 /m 3 . If a country then violated test i, the exports were reduced.
Test i in Section 2.2.1 mostly identified cases where the production of forest industry residues was too low compared to the exports, while test ii found cases where it was too high, generally. Consequently, further corrections made based on test ii seldom affected the same countries.
Results
Test i:
Is the Apparent Wood Consumption Non-Negative? Table 3 shows the data for countries that had an apparent consumption figure of more than 5000 m 3 negative in 2015 for the four wood categories tested. The dataset for the cases for such negative apparent consumption figures during a longer period 2000-2016 is given in the Supplementary File S3: Additional results from the tests (excel-file).
The problem of data indicating negative consumption levels is mostly related to the category of "chips and particles". a negative apparent consumption of industrial roundwood occurs only with a few countries during 2000-2016. During the years of that period, only two to four countries out of the 244 tested had an apparent consumption figure of less than −5000 m 3 for coniferous industrial roundwood and at most two countries for non-coniferous roundwood. The figures of Costa Rica and Myanmar for coniferous roundwood were negative for most of this period. These countries report exports of coniferous wood but no production or imports. In 2015-2016, New Zealand reported negative apparent consumption for non-coniferous roundwood. For "wood residues", the number of respective annual observations with negative apparent consumption figures varied from one to eight during 2000-2016, while for "chips and particles" sometimes up to 18 countries reported data that indicate negative apparent consumption.
The problems of negative consumption figures for wood residues, chips, and particles are typically related to the issue that exports are reported, but data on production or imports are lacking. Some problems seem to relate to the lack of updates in the dataset. For instance, the production data for chips and particles for Indonesia and Fiji have obviously not been updated since 2011 (data status "FAO estimate"), while the respective data on exports have been revised annually (data status "FAO official").
The highest negative apparent consumption figure in 2015 for "chips and particles" is found for Vietnam (−10 Mm 3 ). The production of chips and particles in Vietnam has in the recent years reported (data status "FAO estimate") to be constant at 3.3 Mm 3 , while the export volumes of over 12 Mm 3 have been reported (under data status "FAO official" or "FAO unofficial"). At the same time, the sawnwood and plywood production needed to give chips and particles as by-product has not been updated, and it has been reported to be below 8 Mm 3 (under data status "FAO official" or "FAO unofficial"). Considerable gaps in the net exports and production figures of chips and particles in 2015 are also given (e.g., for Gambia, Indonesia, Mozambique, Singapore, South Africa, and Thailand) as can be seen in Table 3 . Table 3 . Annual productions, exports, imports, and apparent consumption of industrial roundwood and wood residues in 2015 and in the period of 2011-2015 on average (1000 m 3 ). Only countries where apparent consumption in 2015 was <−5000 m 3 are shown. C = coniferous, NC = non-coniferous.
Country
Production Imports Exports Consumption Production Imports Exports Consumption Table 4 shows the countries where the supply of forest industry by-products (chips, particles, and wood residues) is reported to exceed the production of solid wood products in 2015. It also gives the respective production figures and resulting average theoretical wood input coefficient per unit of solid wood products produced.
For some countries, particularly for Australia, the test for "chips and particles" production, which requires that "production of chips and particles < production of plywood + sawnwood" (column C compared with column D in Table 4 ) suggests that this data might be wrong. While often the entries related to suspicious data on chips and particles production is rated 'unofficial', that is not the case with Australia. Also, for example, Italy and the Netherlands report very high outputs of chips and particles compared to the production of solid wood products. To justify the figures, the activities in carpentry and other further processing of wood that would provide chips and particles must be of considerable magnitude.
The total output of chips, particles, and wood residues is very high compared to the reported production of solid wood products in France and Thailand. Notably, Thailand seems to have conflicting problems with the data on chips and particles production. Test ii suggests that the production is too high compared to the production of solid wood products. Yet, test i proposed that the production is too low to cover the reported exports. For France to reach the almost 18 Mm 3 difference between the production of final output and by-products (column F in Table 4 ), its volume of activities related to further processing of wood to furniture and other products must be considerable in order for the figures to be credible. For some countries where the resulting figure for "log use coefficient" is closer to 2, such as in Brazil or Finland, the data may be realistic, because these countries also produce plywood, which can require higher wood input than sawnwood. For instance, in Finland, the log input in sawnwood production is closer to 2, and the use of sawlogs in plywood production is about 2.5 m 3 /m 3 , which means that somewhat high amounts of residues can be obtained as side-product. Also, in Sweden, the calculated log use of 2.1 m 3 per one cubic meter of solid wood products could be realistic considering that the use of wood input in sawnwood production is rather high in Sweden and that by-products are additionally obtained from further processing.
Within a wider period of 2011-2016, considerable data problems can be detected (e.g., for Canada, which is not among the countries shown in Table 4 focusing on the year 2015). Table 4 . Production of solid wood products (column C), chips and particles (D), and wood residues (E), their difference (F), and the resulting coefficient of wood use per solid wood product output (G, sum of all outputs divided by the solid wood output) in year 2015. The countries are ranked according to the value in column (F). Table 5 displays the deficit of sawlogs and veneer logs reported in the data for the period of 2011-2015 for countries with such deficits being larger than 50,000 m 3 in 2015. The table also gives the theoretically maximal apparent logs input (m 3 /m 3 ) for the reported solid wood production. It can be regarded to be maximal, because when calculating the deficit in the volume of logs used, it was generously assumed that all industrial roundwood imports but none of the exports are sawlogs and veneer logs. Dividing the trade volumes correctly to pulpwood, other industrial wood, and sawlogs and veneer logs would in no case increase the wood input coefficients but could make them lower.
In China, the deficit in logs availability is enormous: more than 160 Mm 3 in 2015 and 2016. The inconsistency in sawlogs and veneer logs use and supply has been increasing in recent years, when more and more industrial production has been reported in the statistics, while at the same time, a smaller increase in wood supply in the form of harvests or imports has been indicated. The figures propose that in 2015, at most 0.65 m 3 of logs could have been used per 1 m 3 of plywood and sawnwood produced in China. That is, of course, not realistic. Also, the data (e.g., for Vietnam and Venezuela) propose considerable problems yielding sawlog input well less than 1 m 3 /m 3 in sawnwood and plywood production. Table 5 . Results from test iii for sawlogs and veneer logs. a deficit in a country is defined as "domestic harvests + imports of any industrial roundwood − minimum wood input required in production of sawnwood, plywood, and veneer" during 2011-2015, and the maximum log input coefficient in the solid wood production in 2015 is defined as "(domestic harvests of sawlogs and veneer logs + imports of any industrial roundwood)/(production of sawnwood, plywood and veneer)". Only countries that had a deficit of more than 50,000 m 3 in 2015 are shown. 
Case of Pulpwood Use to Pulp Production
Compared to the test made with sawlog using industries, the test on pulp production adds only some new regions into the set of countries with data problems. New countries in addition to those in Table 5 that enter the set with a higher than 50,000 m 3 deficit in reported pulpwood availability with respect to the reported pulp supply in 2015 include Iran (−270,000 m 3 ) and Bangladesh (−65,000 m 3 ). Table 6 reports some results from the test including all forest industry products. More precisely, it shows the regions where the relatively loosely defined deficit in wood availability exceeds 50,000 m 3 in 2015. Compared to the sawlog case of Table 5 , the new entrants with data problems include, in particular, Iran, Malaysia, Romania, Ukraine, and Thailand, with a more than 1 Mm 3 deficit in wood availability with respect to their forest industry production. The wood quantity available to forest industry production (cubic meters of wood per 1 tonne of pulp or 1 cubic meter of other forest industry products) is often unrealistic and below 1. Table 6 . Results from test iii for all wood. a deficit of wood is defined as "domestic production or harvests of wood + imports -exports -wood input needed in the forest industry" during 2011-2015, and the maximum wood input coefficient in forest industry production is defined as "(amount of wood available)/(production of pulp and mechanical forest industry products)". Only countries with a deficit of wood exceeding 50,000 m 3 in 2015 are shown. Only negative entries are shown. Table 7 shows the volume of industrial roundwood harvests or imports that is missing from the reported roundwood supply quantity according to the LP test given that the forest industry production data are correct. Alternatively, the forest industry production quantities may be reported to be too high. Only the countries where the inconsistency (deficit) between wood availability and need is suggested to be more than 50,000 m 3 in any year during 2007-2016 are listed in Table 7 . During the years of that period, the test finds 33-43 countries out of the 244 that had a deficit of more than 50,000 m 3 , 13-20 countries with a deficit of more than 500,000 m 3 , and 7-15 countries with a deficit of more than 1 million m 3 .
Case of Wood Use in All Forest Industry Production
Country
Results of the Test Using Linear Programming
Largely, the countries found to have data problems in the form of too small wood supply with respect to the forest industry production are those identified already by the test iii earlier. Such countries include China, Iran, Malaysia, Mexico, Romania, Thailand, Turkey, Ukraine, Venezuela, and Vietnam. Very high deficits are found in particular in China and Vietnam. Nevertheless, the LP test indicates that countries such as Canada, India, Italy, Japan, New Zealand, and South Africa also show a deficit of roundwood use of more than 1 Mm 3 in recent years. The test also suggests considerable data problems for Germany for some years. Also, the deficits of much less than 1 Mm 3 can be considered to be of important magnitude, in particular, when compared to the roundwood harvests in a country. In the Supplementary Materials (Supplementary File S3: Additional results from the tests (excel-file)), we provide more results on the deficits indicated by this test. Table 8 shows the surplus of the reported roundwood supply (harvests and net imports) compared to the wood needed for the reported forest industry production according to the LP test. Only the countries where the inconsistency (surplus) between wood availability and need in the forest industry is suggested to be more than 50,000 m 3 in any year during 2007-2016 are listed. During the years of that period, the test finds 29-37 countries out of the 244 that had a surplus of more than 50,000 m 3 , 10-15 countries with a surplus of more than 500,000 m 3 , and 8-10 countries with a surplus of more than 1 million m 3 .
The countries where, in particular, the sawlog and veneer logs supply is very large compared to the exports and potential need in the local forest industry include, for instance, Brazil, Canada, India, Indonesia, and Russia. To match the wood use to wood supply in these regions would require unrealistically high log input coefficients in sawnwood or plywood production. In India, for instance, the reported harvests of sawlogs were closer to 48 Mm 3 in 2015, while the reported exports of all industrial roundwood were less than 20,000 m 3 . The quantity remaining in the local use is high considering the reported output of solid wood products of less than 10 Mm 3 . As can be noted, some countries show both deficit (Table 7) and surplus (Table 8) in the wood supply with respect to the apparent demand for wood. This is because the tables report total quantities of roundwood. For example, in Vietnam, the proposed surplus concerns non-coniferous pulpwood, while the deficit is mainly sawlogs and veneer logs. For Canada and India, it is the opposite. The divisions by wood categories are provided in the Supplementary File S3: Additional results from the tests (excel-file). 
Discussion
The tests indicated several cases of data problems associated with the production of wood chips and particles and wood residues. Both cases of too little production (e.g., Vietnam) with respect to net exports and cases of suspiciously too much production with respect to mechanical wood processing (e.g., Australia, France) were observed. It is not surprising to find inconsistencies in these data though. It obviously takes an effort to collect reliable data even on production of the main mechanical forest industry products often produced in numerous small units. To get data on the related by-products is even more difficult. These data are also prone to measurement errors (converting loose cubic meters to solid cubic meters, etc.), if the quantities are measured, tracked, and reported at all.
While collecting reliable data on the residual side streams is a challenge, it would still be an important task to do. It would make it possible to model the production processes and material streams in the forest sector more accurately and that would lead to improved estimates for wood use coefficients, if the FAOSTAT data are used as a basis for estimating them. The wood residues are partly substitutes to roundwood, in particular, pulpwood in the production of pulp and panels. If some supply of residues is missing from the statistics, or if the supply is exaggerated, the demand for pulpwood can be projected to be higher/lower than it should be in forest sector model simulations. Good data on wooden side-streams would also make it possible to examine and compare the availability and cascading uses of wood biomass in a more reliable manner.
It is notably more difficult to identify cases where the industrial residues production is reported to be too low in the statistics. This is because the low figures are not always due to weak data quality, but also due to the inefficient collection and lack of further use of these residues or due to efficient use of sawlogs input (low input coefficient) in the sawnwood and plywood production.
Even very rough tests comparing the reported wood availability to forest industry production reveal severe data problems in several countries. It is not uncommon that the data suggest unrealistically that less than one cubic meter of woody material has been available per ton of pulp or cubic meter of other forest industry products. For instance, the data for China and Vietnam show large gaps between the apparent availability of sawlogs and the reported production of sawnwood and plywood. Data problems related to relationships of reported regional wood supply versus wood needed by the industry were found in many other countries as well. Canada, Germany, India, Iran, New Zealand, Romania, and Thailand are just a few examples of the countries where the inconsistency between the annual wood supply and use has been more than 1 Mm 3 at least in some years during the last decade. Using such inconsistent data without looking at the sources of the error and adjusting the data respectively will have wide impacts on the reliability of the analysis using the data.
The aim of this study was not to evaluate the sources behind the observed data problems, but they can be various. Negative apparent consumption of woody material points directly to the errors in data on production or trade of these materials. Data problems related to the relation of the amount of chips and particles with respect to the production of solid wood products can have their roots in errors in production data in either side. When the apparent consumption of wood is negative or when the apparent amount of wood reported available is not in credible proportion to the reported volumes of forest industry production, there may be data errors both in forest industry production or wood supply and trade. Also, such inconsistencies in the data may refer to illegal logging and non-documented (illegal) imports of wood. The reasons for the data problems can thus be rather case specific, and the data providers should have the best insight on the sources of errors.
Inconsistencies between the roundwood supply and its industrial use were found both in the form of deficits and surpluses of wood. In China alone, a gap between the annual use and supply of sawlogs and veneer logs has been over 160 Mm 3 in recent years. Data showing a considerable excess supply of roundwood on the market compared to its potential need as raw material in the forest industry was found, for instance, in India (22 Mm 3 ) and Russia (16 Mm 3 ). Errors and uncertainties of such magnitudes have important consequences to the results of any analysis using the data and thus call for special attention by the data users.
Several countries where the tests indicated too low wood supply with respect to the forest industry production or too high exports with respect to wood harvests have earlier been recognized to face problems of illegal logging or imports of illegally logged roundwood. In some of these regions, (e.g., China, Malaysia, Thailand, and Vietnam), the European Union is working on improving the situation via the Forest Law Enforcement, Governance, and Trade Action Plan [19] . In further work, it would be important to identify the reasons for the data problems and improve the statistical systems. Also, the part of illegal harvests and trade in roundwood should enter the wood streams analyzed in the forest sector models and analyses. Else, the results are biased.
Finally, it must be said that there is no guarantee that the data are correct if they pass the tests reported here. The tests made could only detect some cases of incorrect data. It could be useful for the data providers to adapt and further develop this kind of methodology for checking their data, if not used already.
Conclusions
While the FAOSTAT forestry data can be expected to be as reliable as possible in practice, the data tests in this study indicated severe problems related to the production and trade of wood products in several countries. a lack of reliable official data from some regions is obvious. As these freely available statistics provide valuable information for a wide range of businesses, media, policy making, and scientific analyses, it would be of utmost importance to further improve the data, despite the many challenges faced.
Meanwhile, when using the current FAOSTAT forestry data, one should, like with any data, be cautious. For instance, if wood input coefficients and demand functions for forest industry products employed in a forest sector model are calibrated to match these data while ignoring the inconsistencies in the data, the model results are doomed to carry on these errors in projections of future supply, demand, and prices of forest products. Likewise, the currently available data do not form a reliable basis for calculating the development of the stock of harvested wood products needed in carbon stock accounting for all countries.
